We construct simple macrodynamic models with policy lag by means of mixed difference and differential equations, and study how lags in policy response affect the macroeconomic (in)stability. Local dynamics of the prototype model are studied analytically, and the global dynamics of the prototype and the extended models are studied by means of numerical simulations. We show that the government can stabilize the intrinsically unstable economy if the policy lag is sufficiently short, but the system becomes locally unstable when the policy lag is too long. We also show the existence of cycles and complex behavior in some range of the policy lag.
INTRODUCTION
In a classical paper, Friedman (1948) expressed the view that the government's stabilization policy may be in fact destabilizing because of the existence of the lags in policy response. However, his argument is rather intuitive and his conclusion is not derived ana.lytically from the formal model of macroeconomic interdependency. Without doubt, the analysis of policy lag is important from the practical as well as theoretical point of view. Nevertheless, even now there exist only a few formal analyses of policy lag. In this paper, we construct simple macrodynamic models with policy lag and study how lags in policy response affect the macroeconomic (in)stability. In the next section, we formulate formal models with policy lag by means of nonlinear mixed difference and differential equations (delay differential equations). Prototype model is reduced to the system with only one variable, real national income (Y).
Extended version of the model is expressed by the system with two variables, real national income (Y) and real capital stock (K) . In section three, we *Corresponding author, e-mail: asada@tamacc.chuo-u.ac.jp e-mail: hyoshida@ngu.ac.jp 282 T. ASADA AND H. YOSHIDA study the local dynamics of the prototype model analytically, and the conditions for local stability, local instability, and cyclical movement around the equilibrium point are detected by means of the linearization method. In section four, we study the global dynamics of prototype and extended models by using the numerical simulations. We show that the government can stabilize the intrinsically unstable economy if the policy lag is sufficiently short, but the system becomes locally unstable when the policy lag is too long. We also show the existence of cycles and complex behavior in some range of the policy lag and other parameters.
THE MODEL
Basic system of equations in our model is expressed as follows. 
This model, which we call 'model 2', is reduced to the following system of equations.
'Model 2' is more akin to Kaldor (1940)'s business cycle theory than 'model 1' in spirit. We shall study 'model 1' analytically and numerically, but we shall study 'model 2' only numerically. 
Expanding the system (S) in a Taylor series around the equilibrium point Y* and neglecting the terms of higher order than the first order, we have the following linear approximation of the system (S). Kalecki (1935) ; Steindl (1952) ; Johansen (1959) ; Lange (1969) ; Mackey (1989) ; Asada (1991 Asada ( , 1994 ; Ioannides and Taub (1992) (1/aa) a, i (0) We can summarize the results of the analysis as in Figure 4 and We can illustrate the solution x* as in Figure 5 when the inequality (26) (i) is satisfied.
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9 Furthermore, we can see from Figure 5 that tan x* becomes a decreasing function of 0. Therefore, we have
We can rewrite the characteristic Eq. (17) (i)
/3 < x/{ (x*/0c) 9Note that d(tan x)/dx= +tan20= when x=0, and the inequality (26)(i) implies that 1/Ooza > 1.
lWe can see from Figure 5 that limo_o tan x*= +oc and lim0_,l/a tan x*= 0. _--{(/3, 0) ER++IO < 1,/ca, a </3 < b(0)}. (29) We can express the region S as in Figure 6 (boundary points are excluded where C is given by Figure 4 , i.e., 
NUMERICAL SIMULATIONS
In the previous section, we presented some analytical results on the local dynamics of 'model I' around the equilibrium point. However, we must resort to the study of the numerical simulations to get some information on the global dynamics of the system. Furthermore, it is difficult to get even the information on the local dynamics by means of analytical approach if we consider more complicated system such as 'model 2'. In this section, we shall present some results of the global dynamics of 'model 1' and 'model 2' by means of numerical simulations. In other words, this system has pathdependent characteristics. Figure 10 is the bifurcation diagram with respect to the policy lag (0) when/3 is fixed at/3 5.6.
Simulation of 'Model 2'
Next, we shall consider the numerical study of 'model 2' by using the following data.
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CONCLUDING REMARKS
In this paper, we formulated simple macrodynamic models with policy lag by means of mixed difference and differential equations, and investigated the effects of the policy lag on the dynamic behavior of the system analytically and numerically. We found that the too long lag must fail to stabilize the system, and in some situations cyclical movement occurs. Furthermore, we found that even the chaotic movement is possible for some parameter values in a model with variable capital stock. Nevertheless, it is not correct to say that the government's stabilization policy is entirely ineffective to stabilize the intrinsically unstable economy. In fact, the government can stabilize the economy when the policy lag is relatively short. In this sense, macroeconomic stabilization policy does not lose its significance even in the system with lags in policy response.
